ABSTRACT Differences in goals and approaches between firms and universities often lead to challenges that prevent the realization of fruitful university-industry collaboration. This paper explores how the development of cognitive and relational social capital can, over time, mitigate such challenges and encourage fruitful collaboration between firms and universities in research alliances for the development of innovations. Using a multi-level perspective at the individual, organizational and alliance levels of social capital, this paper investigates firms participating in two contrasting research alliances: one well-established research alliance and one emerging alliance. This study suggests that the development of both cognitive and relational social capital at the individual, organizational and alliance levels appears crucial for effective collaboration in research alliances over time. Common goals and understandings regarding the collaboration and the creation of personal relationships between the employees of firms and universities helps mitigate collaborative challenges, stimulate cohesion and realize the goal of creating innovations.
Introduction
Studies have increasingly considered universities and public research organizations (PROs) important knowledge sources through which firms access the new ideas required for investments in innovation development. Universities 1 provide firms with knowledge and technological resources that contribute relevant expertise to enrich and expand a firm's technological resource base, which is important for innovation development (Dahlander and Gann 2010) . Although many firms recognize the importance of (Murray 2004 ) and developing public knowledge (Dasgupta and David 1994) Solving concrete problems valued in the marketplace (Aghion et al. 2008 ) and turning ideas into economic rewards (Murray 2004) Goal Publications (Sauermann and Stephan 2013) Financial returns (Sauermann and Stephan 2013)
Knowledge producer Author (Murray 2004) Inventor (Murray 2004) Type of research Primarily basic research (Spithoven, Clarysse, and Knockaert 2011) Primarily applied research (Spithoven, Clarysse, and Knockaert 2011) and technology development projects (De Fuentes and Dutrenit 2012) Disclosure of results Publish research results (Sauermann and Stephan 2013) and operate in the realm of open science (Perkmann et al. 2011) Limit the disclosure of research results (Aghion et al. 2008 ) and keep the results secret or appropriate the information (Bruneel, D'Este, and Salter 2010) . Obtain patents for the provision of intellectual property rights (Sauermann and Stephan 2013) .
Working practices Autonomy and research freedom based on personal interests (Sauermann and Stephan 2013) and long-term, curiositydriven research (Perkmann et al. 2011) Limit freedom and coordinate scientists' actions according to the firm's needs (Aghion et al. 2008 ). Short-and mediumterm outcomes (Perkmann et al. 2011) Financing Public (David 2008) Primarily privately financed (Sauermann and Stephan 2013) Motivation Status in the scientific community (Aghion et al. 2008) Higher wages because of higher expected returns (Aghion et al. 2008) 598 M. Steinmo knowledge is necessary concerning how firms can develop and sustain a fruitful collaboration in which the collaborative partners are able to learn from one another and develop innovations (Inkpen and Tsang 2005; Spithoven, Clarysse, and Knockaert 2011; Zahra and George 2002) . Research shows that social processes exert a strong influence on organizational behavior and collaboration (Boschma 2005; Granovetter 1985) , and social capital enables the reduction of collaborative tensions in research alliances, as it facilitates mutual understanding and shared goals (cognitive social capital), personal contact, interaction and trust (relational social capital) between collaborative partners (Harryson, Kliknaite, and Dudkowski 2007) . This paper explores the development process of cognitive and relational social capital and how they reduce collaborative barriers and facilitate a fruitful collaboration between firms and universities in research alliances in which knowledge and innovation are created. The research question is as follows: "How can firms develop cognitive and relational social capital in their relationships with universities to mitigate tensions and build fruitful collaboration in research alliances over time?" The research question was examined using a multi-level analysis at the individual, organizational and alliance levels. Longitudinal data were collected from two contrasting research alliances in Norway, including one well-established research alliance in which the collaborating firms and universities are able to work well together.
Notably, these collaborators have achieved goal alignment, and several innovation outcomes have been produced. The second alliance is an emerging research alliance, which lacks mutual understanding and common goals and struggles to create innovations. Both alliances were selected from a population of long-term research alliances that received public support and featured objectives related to creating environmental innovations in collaboration with firms and universities. Interviews were conducted with several firms in each alliance; however, the most heavily engaged firms in each alliance were selected as the cases for this study, and the firm and university employees involved were selected as informants. Both alliances consist of groups of firms and universities, where the social capital is formed among and between the groups. This paper concerns the social capital formed between groups, that is across the firm-university divide.
By adding to the few studies on the organizational dynamics underlying university-industry collaboration (Perkmann and Walsh 2007) and the lack of longitudinal research on research alliances (Lind, Styhre, and Aaboen 2013; Smith 2012) , this paper makes three distinct contributions to the literature on university-industry collaboration. First, this paper contributes by identifying factors that lower collaborative barriers in university-industry collaboration (Bruneel, D'Este, and Salter 2010) , noting that the development of cognitive and relational social capital is clearly important for the achievement of effective collaboration between firms and universities, thereby reducing tensions. More precisely, cognitive social capital likely reduces tensions in research alliances related to conflicting interests, different time orientations and working practices over time, and relational social capital likely reduces tensions in research alliances related to opportunistic behavior and uncertainty.
The second key contribution of this study relates to the development of multi-level social capital. Previous research on social capital has primarily contributed by addressing a single level of analysis (Adler and Kwon 2002) that focuses on individuals (Burt 1992) , organizations (Tsai 2002) , communities or nations (Putnam 1993) , mainly addressing the formal structures of social capital. Responding to calls by previous authors, this paper provides novel insights into the multi-level nature of social capital (Hitt et al. 2007; Payne Collaboration for Innovationet al. 2011 ). More specifically, this paper shows that social capital dimensions might not be regarded as the characteristics of an individual organization, but rather as capabilities developed over time in relationships between individuals and organizations. Firms might therefore benefit by addressing the importance of developing both cognitive and relational social capital in their relationships with universities at an individual, organizational and alliance level to create robust collaboration and to reduce the vulnerability that exists when only individual social capital is developed. Furthermore, the findings indicate that relational social capital is more likely to develop from an individual level to an alliance level and to an organizational level compared with cognitive social capital, which is more likely to develop from an organizational level to an alliance level and then to an individual level.
The final contribution of this paper adds to the limited knowledge on the interplay between the dimensions of social capital (Lee 2009; Rass et al. 2013) . Cognitive social capital is found to leverage relational social capital because creating personal relationships between firms and universities is easier when they agree on the collaborative fundamentals. Conversely, relational social capital plays a role in developing cognitive social capital for firms that lack a common understanding and shared goals with collaborating universities. These findings have important implications for firms collaborating with universities, illustrating that at least one social capital dimension could be developed when entering a new collaboration to allow for the development of the other dimension.
This paper is organized as follows. Section 2 presents the theoretical framework. Section 3 describes the methodological approach. Section 4 presents the findings and propositions. Finally, Section 5 contains conclusions and offers implications for future research and practices.
Theoretical Framework

Collaboration between Firms and Universities in Research Alliances
One predominant policy response that is designed to increase innovation development in university-industry collaboration is academic research alliances (Ponomariov and Boardman 2010) , where firms gain access to fundamental knowledge and have the opportunity to conduct research (von Raesfeld et al. 2012) . Although collaboration in research alliances is important for learning and innovation, many firms face significant challenges when collaborating with universities because of the dissimilarities between academic and commercial activities (Ambos et al. 2008) , which are often referred to as conflicting institutional logics (Sauermann and Stephan 2013) . Table 1 summarizes some of the main differences between academic logic and commercial logic. First, "academic logic" involves performing fundamental research, searching for research freedom and openly publishing academic results, which indicates a focus on a long-term process. Second, "commercial logic" involves addressing the costs of innovation activities, which makes firms more focused on short-term outcomes and applied research that provides solutions to problems (Perkmann, King, and Pavelin 2011; Spithoven, Clarysse, and Knockaert 2011) .
Certain firms are able to overcome this type of challenge and recognize, assimilate and apply novel information from dissimilar actors. Collaborative dilemmas are likely to be particularly prominent in relationships between industrial firms and universities, in which dissimilarity can be regarded as substantial due to the tension between academic 600 M. Steinmo and commercial activities (Ambos et al. 2008) . Given the distinct institutional logics in university-industry collaboration, firms' different routines and cultures often conflict with those of their university partners' in terms of topics, interests and the disclosure of results (Bruneel, D'Este, and Salter 2010; Smith 2012) ; firms and universities experience tensions in their collaboration, as these partners are "two co-existing contradictory forces with conflicting goals" (Fang, Chang, and Peng 2011, 774) . Tensions in university-industry collaboration are often rooted in different understandings of each other's working practices, uncertainty and opportunistic behavior, which are found to be eased through collaborative experiences, interaction and trust, as developed over time by the actors involved in the collaboration (Bruneel, D'Este, and Salter 2010) . The social capital concept is a fine-grained framework that calls attention to the nature of relationships with special regard to the role of experience, interaction and trust in university-industry collaboration (Nahapiet and Ghoshal 1998) . This study thus attempts to examine how the development of social capital between firms and universities contributes to mitigate collaborative tensions and thereby enhances collaborative and innovative performances in research alliances over time.
A large, primarily quantitative body of literature has contributed insights into the factors that determine firms' abilities to source external knowledge from R&D alliances and the consequences of such knowledge sourcing on firms' innovative and economic performances (e.g. George, Zahra, and Wood 2002; Sampson 2007) . By adapting the social capital concept, this study offers a more detailed understanding of how firms collaborate with universities, focusing on individuals, processes, structures and their interactions, as called for in previous research (Felin et al. 2012 ).
Development of Social Capital in Research Alliances
Social capital is found to help reduce collaborative tensions in research alliances, as it facilitates personal contact, interaction and trust among collaborative partners (Harryson, Kliknaite, and Dudkowski 2007) . Social capital can be defined as "the aggregate of resources embedded within, available through, and derived from the network of relationships possessed by an individual or organization" (Inkpen and Tsang 2005, 151) and can be regarded from a bridging perspective or a bonding perspective. The bonding view of social capital focuses on the internal characteristics of collective actors; the borders can reflect organizations, communities or nations. The bridging view, upon which this paper builds, regards social capital as a means of enhancing network ties with external relations (Adler and Kwon 2002) . This study investigates the role of social capital in reducing tensions in university-industry collaboration and thereby follows the dimensions of collaborative ties: cognitive and relational social capital (Nahapiet and Ghoshal 1998) .
Cognitive social capital refers to shared visions and systems of organizations (Hult, Ketchen, and Slater 2004) , shared interpretations and systems of meanings (Cicourel 1974) , common language and codes (Monteverde 1995) , and shared narratives (Orr 1990) among parties. Cognitive social capital has been divided into two categories: shared goals and shared culture (Adler and Kwon 2002) . Shared goals refer to a common understanding of and approach to network tasks (Inkpen and Tsang 2005) and common perspectives on goals (Masiello, Izzo, and Canoro 2013) . Shared culture refers to rules and norms that determine appropriate behavior within a network (Inkpen and Tsang 2005) . Due to the Collaboration for Innovationopposing logics between firms and universities in research alliances, a mutual lack of understanding concerning working practices and expectations often produces tensions in the collaboration (Bruneel, D'Este, and Salter 2010) . Building cognitive social capital may be a way to overcome such challenges, as it develops mutual understanding and enables the collaborators to become close in terms of norms, visions and behavior.
Relational social capital focuses on interaction, relational closeness and trust between actors (Nahapiet and Ghoshal 1998) . This term describes personal relationships formed through prior contacts (Granovetter 1992 ) and involves mutual respect and friendship, expectations and reputations (Adler and Kwon 2002) . A lack of trust in and respect for others' knowledge and competencies is a factor that is related to failure in universityindustry collaborations (Smith 2012) . Relational social capital has been found to be the most important dimension of social capital as a driver of university-industry collaboration and due to the effect of trust (van Wijk, Jansen, and Lyles 2008) . Moreover, different institutional logics among partners in research alliances, such as goals, the disclosure of research results and working practices, may harm the collaboration and lead to opportunistic behavior, which can be reduced through mutual trust (Putnam 1993) . Another common challenge in research alliances often stems from a high degree of uncertainty due to collaboration among unknown partners (Bruneel, D'Este, and Salter 2010) . Relational social capital reduces that uncertainty by creating personal relationships and helps increase the partners' willingness to be open and share information and resources (Adler and Kwon 2002; Tsai 2000) . Collaboration experience is key in relational social capital and has been found to reduce barriers in university-industry collaboration related to the partners' differences (Hagedoorn and Schakenraad 1994) . Petruzzelli (2011) found that the existence of previous collaborations promotes trust between academic and industrial partners, illustrating the usefulness of forming personal relationships when developing technologies. Conversely, (Yli-Renko, Autio, and Sapienza 2001) argue that when trust reaches a very high level, it can be detrimental to collaboration. Actors experience a decreased need for control as conflicts and information decrease, which may diminish the creation of new knowledge (Masiello, Izzo, and Canoro 2013) .
Researchers have also explored the interplay between cognitive and relational social capital. For example, the interdependency between shared language and personal relationships has been emphasized (Ashforth and Mael 1996) . Moreover, relational social capital is found to have an effect on cognitive social capital, in the sense that mutual understanding develops over time through interactions among collaborative partners (Wasko and Faraj 2005) .
In summary, tensions in university-industry collaboration could be harmful to research alliances. Through a longitudinal case study of two contrasting research alliances, this study contributes with knowledge on how collaborative barriers can be mitigated following the social capital concept (Bruneel, D'Este, and Salter 2010) .
Methodology
Research Design
Qualitative research is employed to provide a deeper understanding of collaborative processes (Smith 2012) , and a longitudinal case study design is employed to develop 602 M. Steinmo theory on how social capital dimensions develop over time to enhance fruitful universityindustry collaboration (Yin 2009) . A multiple-case study is conducted to develop relevant theory as an extension of an existing theoretical framework (Yin 2009 ).
Case Selection
Following Eisenhardt (1989) , the cases for this study are based on theoretical codes. This paper seeks to explore university-industry collaboration as a driver of innovation (Dahlander and Gann 2010) , particularly by studying how collaborative challenges in research alliances decrease through the development of social capital concerning a multilevel analysis at the individual, organizational and alliance levels. This paper has selected two contrasting research alliances in Norway as its cases: one well-established research alliance (Alliance 1) and one emerging research alliance (Alliance 2), where the aim is to see whether and how the structure of the alliances influence the social capital development. Overall, both alliances were selected from a population of long-term research alliances that received public support and featured objectives related to the creation of environmental innovation in collaboration with firms and universities, as illustrated in Table 2 . However, these alliances were chosen because of some differences related to establishment, management and success, which might influence the social capital development and the collaborative performance. Alliance 1 is a well-established userdriven and mature research alliance established by the firm participants. This alliance has managed to develop knowledge and innovation with university partners through their Collaboration for Innovationlong-standing collaboration. Alliance 2 is a research-driven research alliance established by a university partner. Compared to Alliance 1, Alliance 2 is an emerging alliance which faces more collaborative challenges. Second, to better understand the social capital development in research alliances, this study draws particularly on insights from six firms: three in each alliance, which is suggested as a suitable number for case studies (Eisenhardt 1989) . The most involved and engaged firms in terms of committing resources and participating in meetings were selected, independent of the business sector and size, which varied from small to large firms (see Table 4 ). The most involved and engaged firms in each alliance were selected as these firms are the main driving forces for alliance development. Moreover, these were selected to provide an appropriate basis of comparison among the firms in both research alliances regarding collaborative challenges and the development of social capital. Finally, to cover the individual part of this multi-level study, the firm employees who had engaged in the research alliances were selected as informants. Insights from collaborating universities within the research alliances were also included.
Together with a research team, I conducted the initial interviews with the managers of each alliance as a first step in selecting cases (Yin 2009 ). This approach was used to collect information on the research alliances, to receive advice on relevant firms and research partners to contact, and to obtain assistance related to the subjects that were addressed in the interviews.
Data Collection
Annual reports and secondary data pertaining to both of the studied research alliances, such as evaluation reports, were collected and read in preparation for the interviews to allow the design of effective questions before commencing the interview process (Yin 2009) . Table 3 summarizes the informants interviewed.
A research team collected the data, and a minimum of two interviewers attended each interview. We began by observing a seminar arranged by Alliance 1, at which projects were presented and discussed. A total of 55 interviews were conducted (Table 3) , of which 28 represented Alliance 1 and 27 represented Alliance 2. Some new, but mainly the same informants were interviewed the second round. The interviews were conducted during two periods: the initial interviews were conducted in 2011, and additional interviews were conducted from September 2013 to February 2014. Several firm employees were involved in Alliance 1, whereas only one employee represented each firm in Alliance 2, and the interviewees from Alliance 2 were CEOs, R&D managers or technology managers.
The interviews were conducted to obtain an in-depth understanding of how the innovation process and interaction among collaborative partners unfolded in each research alliance. The research team conducted semi-structured interviews to create a fluid interviewing situation (Rubin and Rubin 2011) . Overall, we sought to retrospectively understand the interaction among participants within the research alliances, which is a viable methodology for understanding important collaborative events (Miller, Cardinal, and Glick 1997) . We began in chronological order with the background, including how the research alliances were initiated, and then we discussed project planning in terms of the rate of involvement and the expectations for the collaboration. Finally, we asked about the Table 3 .
Informants interviewed (number of interviews in parentheses)
Well-established research alliance ( Collaboration for Innovationinnovation outcome achieved. To obtain relevant information, we began the interviews by stating that we sought to understand the process of collaboration between firms and universities within the research alliances. This approach prevented the informants from discussing technical issues beyond our understanding. Moreover, we did not refer to theoretical concepts. During the interviews, we added follow-up questions, such as "Why did you do that?", "Who was involved?" and "How did you experience that?" The questions were asked to encourage the interviewees to reflect on their experiences related to the events that were mentioned during the interviews and to enrich our understanding of the unique process of collaborative interactions in every case. At least two researchers conducted each interview, and the interviews were recorded and transcribed as part of the data analysis process (Yin 2009 ).
Data Analysis
The analysis is based on a cross-case comparison with the aim of identifying cross-case patterns through a search of theoretical dimensions (Eisenhardt 1989 ) using the data, including critical characteristics and events that influenced how social capital was identified and developed during university-industry collaboration. First, challenges related to the collaboration were mapped. Following Inkpen and Tsang (2005) , a distinction was then made between cognitive and relational social capital with respect to the beginning, the actual process and the end of the collaboration by considering how the different levels of social capital facilitated improved collaboration between the partners over time and assisted in overcoming collaborative challenges. The transcribed data were read and reread to identify similarities and differences among the cases. After the analysis, propositions were developed for quantitative testing in future research (Yin 2009 ).
Results and Discussion
First, the overall findings are presented in relation to the firms' involvement in and the experienced outcomes of the research alliances. Key findings are then presented, and propositions are developed regarding how social capital dimensions reduce challenges in university-industry research alliances. The findings and discussion below integrate the case findings with the scholarly literature. Table 4 outlines the six parties' involvement in the research alliances, the alliances' influences on working objectives and the outcomes that firms experienced due to the alliance. A clear distinction is observed between the two groups of case firms in terms of the involvement and level of output that they experienced during the collaboration. The firms in Alliance 1 are highly involved in the collaboration with the universities and stated that they had experienced a high-level outcome: "We wouldn't have increased our knowledge so much if it had not been for the collaboration". Several of these firms also stated that collaboration is essential to develop the industry's overall knowledge base: "If we look 606 M. Steinmo (Continued) 608 M. Steinmo back to the knowledge achieved over the last 15 years, it is obvious that it comes from the collaboration". The firms in Alliance 1 are able to implement innovations using the knowledge gleaned from the alliance. The firms in Alliance 2 do not experience a high rate of output from the collaboration because it does not provide them with the desired rate of innovation: "One always gets new ideas from meetings that keep us 'awake', but there is very little focus on our core activities". The firms in Alliance 2 are not highly involved in the research alliance and do not prioritize alliance meetings: "They don't show up; they don't prioritize taking a day to come and discuss things with us and the other partners". Some of the firms in Alliance 2 connect the low level of output with their low level of collaborative involvement:
The Firms' Involvement in and the Experienced Outcomes of the Research Alliances
What we gain from it [the collaboration] relies on our own contribution. If we manage to structure our time in such a way that some of it contains the work with [the collaboration], we may gain much more out of it. 
Collaboration for Innovation
Alliance 1 was established by the industry itself, which may partly explain these firms' high levels of involvement and better performances compared with those of Alliance 2, which was established by a university partner. Moreover, as Alliance 1 relates to one specific industry in Norway, researchers might discuss whether all firms are obligated or motivated to be involved in the alliance because they feel that leaving the alliance could perhaps leave other firms with a competitive advantage. However, with all firms in the alliance, there are clearly different levels of involvement among the participating firms, which indicates that there is now compulsory effect of being involved in the alliance. Despite different motivation for involvement, this paper seeks to understand why the firms in Alliance 1 experience better innovation outcomes and are more involved in the alliance than the firms in Alliance 2, through investigation of dimensions of social capital.
How Firms Collaborate in Research Alliances
Table 5 summarizes the cognitive and relational social capital in the firms relationships with collaborating universities.
The Role of Cognitive Social Capital in Mitigating Challenges in University-Industry Research Alliances
When examining shared goals (Adler and Kwon 2002) , all the firms in Alliance 2 experienced tensions related to having different goals than those of the collaborating universities (Sauermann and Stephan 2013) . The universities primarily focused on publishing, whereas the firms were driven by short-term value and innovative outcomes (Becker and Trowler 2001) . The tension between the collaborative partners was frustrating for many of the firm participants in Alliance 2: "I think there is very little focus on product development in [the collaboration]. They focus on research for the sake of research. The focus should have been much more commercially oriented and rooted in the industry". Some of the university partners also acknowledge tensions related to different goals and orientations: "They [the firms] are interested in products that they can sell and earn money on" and "I think the firms are very short-term oriented". These examples illustrate a lack of common fundamental goals for and different understandings of the collaboration between the firms and universities in Alliance 2. Although the universities primarily focus on research and publishing, some of them are conscious of their lack of industry focus: "Many of the firms have concepts that are not very interesting to the researchers. They are interested in products that they can sell and from which they can earn money". Similar to the firms in Alliance 2, the firms in Alliance 1 are concerned with short-term outcomes, but they are able to consider both their own and the collaborating universities' long-term orientation when collaborating, which provides them with common fundamental goals for their collaboration: "It is important that we manage to see all of the partners' requirements". In this case, creating mutual understanding over time helped the firms and universities in Alliance 1 to achieve goal alignment, as the collaborative partners managed to formulate shared goals that pay attention to both publishing and innovation outcomes for the industry, thereby managing to collaborate well, despite conflicting institutional logics (Bjerregaard 2010) . The fact that Alliance 1 is driven by the industry itself may make it easier to reach goal alignment as the researchers work on projects guided by the firms.
Occasionally, disagreements regarding project objectives arise between the firms and universities in Alliance 1 when the firms believe that the universities are overly academically oriented, but the participants appear to be consistently able to resolve these disagreements through the cognitive social capital developed over time. One of the firm representatives made the following observation:
There are some fundamental conflicts between the industry and academia. The industry wants direct and applied results and development of the industry, whereas academics are more scientifically oriented and have to leverage articles. There are many discussions about that, but we always arrive at an agreement.
One of the research partners interprets these disagreements similarly, highlighting the value of communication:
You learn as a scientist quite fast about what level you have to bring to a discussion. It is a mental difference talking with 'the guys on the floor' and research organizations. But we must simply learn to communicate with those we work with to get good results.
Both of the alliances address common challenges related to the collaborative objectives, which the universities and firms attempt to push in somewhat different directions. However, the firms in Alliance 1 appear to resolve such problems through good communication: "Sometimes when working with them [universities], we see unsurprising results and acknowledgements of things that we already know. Then, we see the potential to become better, and we must turn them [the universities] toward a better result orientation" and "We are always seen and heard by the [universities]". Although there is occasional tension between the firms and universities, the firms in Alliance 1 appear to create Collaboration for Innovationa mutual understanding of the collaboration over time, and they understand the importance of intra-alliance collaboration: "Industry and research are like a symbiosis that is mutually dependent. We simply must find solutions through dialogue". The firm partners within Alliance 1 operate within the same industry and face many of the same challenges, which may be one of the reasons that this alliance has managed to create the mutual understanding of the collaboration.
Another aspect of cognitive social capital relates to the common culture of shared rules and norms (Inkpen and Tsang 2005) . The two groups of firms have different organizational rules and norms with respect to their collaborating universities; the primary differences concern different planning horizons. The firms have a short-term perspective and must quickly address their operating activities, whereas the universities have a long-term perspective and do not seek to exploit opportunities to the same extent as the firms (Sauermann and Stephan 2013) . However, the firms in Alliance 1 appear to be more aware than the firms in Alliance 2 of their differences with the collaborating universities, which helps the former to steer the universities in a direction that serves the firms' interests.
Building on longitudinal data, the firms in Alliance 1 have, over time, managed to accumulate cognitive social capital in their relationships with the universities at an individual, organizational and alliance level. A common understanding of the alliance's working objectives is achieved over time, as their organizations have internally integrated the alliance work; they invest considerable resources in the collaboration (Table 4) and support the work of the firms' representatives in the alliance. The firms are backing the firm representatives in the work that they perform in the alliance. Alliance 1 has also managed to develop cognitive social capital at an alliance level, where all members of the alliance have a mutual understanding and share a commitment to the collaboration, along with other common rules that are valid for research alliances. This might partly be explained by the structure of the collaboration where the firm partners have established Alliance 1, and are therefore more likely to be engaged in the alliance, which is shown as a fundament in building cognitive social capital.
The firms and universities in Alliance 2 appear to lack a fundamental understanding of one another, which often leads the universities to decide the projects that are pursued in the research alliance. This understanding might have increased if the firms in Alliance 2 had become more involved in the collaboration from the beginning (Table 4 ) and if the universities had invited the firms to play a greater role in the collaboration. Thus, insufficient firm involvement leads to a lack of cognitive social capital, which, in turn, makes it more difficult for such an alliance to develop innovations in a timely manner. However, after collaborating, understanding improved after the firms in Alliance 2 understood that they had to be more involved in the research alliance and to provide the universities with clear feedback: "We [the firm] have pushed them hard, which they have taken into account … They have become better and more on point". Reaching a common understanding might be more challenging for the collaborators in Alliance 2 compared to Alliance 1, as many of the firms have different interests in the collaboration.
As shown in Table 5 , over the four years of collaboration, the firms in Alliance 2 have increased their cognitive social capital, though primarily at the individual level, as the firm representatives within the research alliance have achieved a greater understanding of the nature of the collaboration (Bruneel, D'Este, and Salter 2010) and of the value of engaging in the collaboration. The firms in Alliance 2 have the most individual cognitive 614 M. Steinmo social capital, which is likely because only one employee represents each firm and developing this social capital at an organizational level might have been more challenging as a result. Individual cognitive social capital is valuable and likely provides a foundation for improved collaboration in the alliance over time, but the firm representatives in Alliance 2 could attempt to develop social capital at the organizational and alliance levels to better integrate the work performed in the research alliance into firm objectives. Stronger organizational and alliance levels would likely decrease potential vulnerability stemming from reliance on a few persons directly responsible for collaboration in the alliance, which would likely enhance the alliance's innovation outcomes. This discussion suggests the following propositions:
Proposition 1: Firms with cognitive social capital developed at individual, organizational and alliance levels are more able to collaborate with universities compared with firms with cognitive social capital developed at only one or two of these levels.
The Role of Relational Social Capital in Mitigating Challenges in UniversityIndustry Research Alliances
All the firm representatives in Alliance 1 have personal relationships with the collaborating universities that are rooted in acquaintances established during their school days or previous employment. Several of the university representatives have previously worked in the industry, and many of the firm representatives involved in the research alliance have worked as researchers. This industry is a relatively small group in Norway, and many individuals know one another, which potentially contributes to a personal closeness among collaborators. As one university partner stated, "At some point, we have all been either classmates or colleagues". Through relational social capital at an individual level, based on long-standing close contact among the collaborative partners in Alliance 1, the firms and universities have built trust and openness at an alliance level over time, as one firm partner stated: "We trust each other". The university partners also experience a high level of trust: "I think trust is particularly important in this context. It is a fairly sensitive industry, and you need both knowledge of and confidence in those who generate knowledge". Through high levels of trust and openness with the universities, this group of firms is able to overcome barriers related to communication, uncertainty and opportunistic behavior, which might cause tension in research alliances. Moreover, the firms in Alliance 1 rapidly resolve misunderstandings or conflicting task-related ideas: "It is easier to come to agreement when we know each other and have worked together for years". This evidence confirms that previous collaboration reduces collaborative challenges (Bruneel, D'Este, and Salter 2010; Lhuillery and Pfister 2009) . Based on individual relational social capital developed between firm and university partners, the firms in Alliance 1 developed relational social capital at an organizational and alliance level over time. The participants in Alliance 1 experience the alliance as a "family" and a collegial community of solidarity and loyalty, which is important in achieving effective collaboration, as these qualities mitigate tensions, particularly those related to uncertainty and opportunistic behavior, and allow for the creation of new knowledge. As observed, the participants in Alliance 1 are active, engage in alliance meetings and often have several firm employees who are responsible for managing the alliance's efforts, which illustrates relational social capital at an organizational level. This is easier achieved when the firms represent the driving force of the alliance. Previous research found that social capital is lost through employee turnover (Shaw et al. 2005) . Building relational social capital at both an organizational and an alliance level likely reduces vulnerability if the employees connected to the research alliances resign because new alliance representatives will likely acquire social capital more quickly and be able to collaborate well in the alliance at an early stage.
The firms in Alliance 2 had some level of prior contact with the universities at both an individual and an organizational level before collaborating, but they had not yet achieved the same closeness with the collaborating universities as had the firms in Alliance 1, which is from the same industry. Some of the firms in Alliance 2 experience a low level of trust toward the collaborating universities: "The [universities] need to do something to gain the trust of their partners". With a low level of trust, the firms in Alliance 2 potentially risk lacking important knowledge about how to make the research alliance successful (Inkpen and Tsang 2005) . The firms within Alliance 2 have prioritized to devote resources to only one person who has the direct contact towards the alliance. Low resources might lead to lower involvement in the collaboration and less foundation between the firm and the alliance. Because of the low level of collaborative involvement of the firms in Alliance 2, they likely cannot achieve trusting personal relationships with universities. Alliance 2 also shows low relational social capital at the alliance level: they lack common goals, understanding, personal relationships and a collegial community within the research alliance. The alliance participants have created some level of relational social capital at an individual level by getting to know one another. However, they
have not yet established a strong community, represented by commitment and cohesion at an alliance level, as the following quotation from an Alliance 2 manager illustrates: "We try hard just to force us to have annual meetings where we all need to listen to what we want. It is very difficult; it could have been a separate activity. It is very, very difficult". Notably, the firms in Alliance 2 do not perceive the importance of developing social relationships akin to those developed in Alliance 1 and appear to often focus on "problems": "They [the firms] contact us [university partner]; unless it is planned, it is typically because they have some problem".
Because of their low involvement in the alliance, the firms in Alliance 2 have fewer opportunities to establish the framework conditions, typically because the universities have already established them, which might lead to opportunistic behavior. Based on the close personal relationships developed over time between the firms and universities in Alliance 1, illustrating relational social capital at an alliance level, the firms in Alliance 1 appear to know how to exert their influence on behalf of their interests: "They [the universities] know that we will end the collaboration if they don't pay attention to our interests". If the firms in Alliance 2 invest sufficient resources in the collaboration by involving several firm employees and by creating more relational social capital at individual and alliance levels, they will likely be more able to influence the alliance's working objectives and thereby generate greater innovation outcomes. Thus, one of the research partners in Alliance 2 states the following: "We have to tell the firm partners about the benefits and ask them to get involved early in the collaboration".
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A low level of firm involvement before the collaboration may also evolve into tensions about expectations (Bruneel, D'Este, and Salter 2010) , as observed in all the firms in Alliance 2. These firms expected short-term innovation outcomes, whereas the universities had a long-term orientation: "Our expectations have been somewhat different from those of the [universities] . I had expected a more direct flow of results from the [collaboration]". The firms in Alliance 1 accumulated a very high level of relational social capital in their relationships with the universities over time, which taught them what to expect from the collaboration: "Large portions of the R&D results are impossible to implement. The importance of these results is that they build knowledge, which, again, can generate good ideas". Through the development of relational social capital at an individual, organizational and alliance level over time, the firms in Alliance 1 obtained the knowledge necessary to consider both their own and the universities' interests (Bjerregaard 2010) .
The firms and universities in Alliance 2 might need to strengthen their relational social capital to understand each of the collaborative partners' expectations and to frame working objectives that best satisfy the firms' and the universities' expectations. The universities could thus assume a role in developing the firms' trust very early in the collaboration by involving the firms and considering their needs. To avoid misunderstandings, the universities might frequently communicate the nature of the research alliance to the firm partners and how it will be coordinated. Increasing relational social capital has the potential to contribute to the alliance's ability to consider both the firms' and the university partners' interests and to prevent the universities from focusing exclusively on their long-term goals through opportunistic behavior (Putnam 1993) .
Similar to the cognitive dimension of social capital, the development of relational social capital at the individual, organizational and alliance levels is essential to achieve a fruitful collaboration in which tensions are mitigated and knowledge and innovation are created. This discussion suggests the following propositions:
Proposition 2: Firms with higher levels of relational social capital are more likely to reduce collaborative tensions with universities that are related to opportunistic behavior and uncertainty compared with firms with lower levels of relational social capital.
Proposition 3: Firms with relational social capital developed at the individual, organizational and alliance levels are more able to collaborate with universities compared with firms with relational social capital developed at only one or two of these levels.
The Interplay between Cognitive and Relational Social Capital over Time at Different Levels of Analysis
An interdependency is observed between shared understanding and language (cognitive social capital) and personal relationships (relational social capital) (Ashforth and Mael 1996) in both research alliances. Through long-standing close relationships, the firms in Alliance 1 have forged a common understanding and established shared goals with the collaborating universities. Some of the firms in Alliance 2 also began with a trusting Collaboration for Innovationrelationship and built a common understanding over time: "The trust has always been there, but the understanding of how to collaborate has become better over time". Another representative from a firm in Alliance 2 stated, "The process that runs at this time is more prudent in ensuring the firm's requirements". Interaction among firm and university representatives appears to be fundamental in developing cognitive social capital over time in research alliances. By interacting with their collaborators, the firms in Alliance 2 have come to understand that involvement in the alliance is important to establish the framework conditions for collaboration: "Over time, we have understood it … especially after the midterm evaluation-that we have to engage more in the [research alliance] to influence the strategy". Some of the universities in Alliance 2 also acknowledged that they need to interact more with their firm partners: "You have to interact with the industry in practice, not just write a to-do list on paper. You must simply pick up the phone and be in regular contact with them [the firms]".
The findings indicate that the presence of cognitive social capital develops relational social capital. When firms agree on collaborative fundamentals and have shared goals and expectations (cognitive social capital) about the research alliance's objectives, as the firms in Alliance 1 do, it might be easier to develop stronger relational social capital. The firms and universities in Alliance 2 initially had different goals for the collaboration, which made engaging in the research alliance difficult for them. Over time, the firms in Alliance 2 became more engaged in the research alliance, as their organizations better understood the value of participating in the alliance, and they increased the cognitive social capital dimension, thereby being more capable of interacting with the collaborating universities and increasing their relational social capital.
Last, the findings of this study indicate some possible connections regarding the development of the multi-level nature of social capital. Particularly in relation to Alliance 1, which most likely has managed to achieve relational and cognitive social capital at an individual, firm and alliance level, it might be possible that relational social capital is first developed at an individual level by the firm representatives engaging in research alliances and establishing trust among the collaborators. Furthermore, relational social capital seems to be developed at the alliance level when all partners perceive cohesion and engagement when participating in the alliance and feel like a "family", as stated by several informants from Alliance 1 (Table 5) . Finally, when the relational social capital is rooted in the alliance, the firms experience the collaboration's value, view the alliance as an important contributing factor towards its overall objectives and involve several parts of the firm in the collaboration. As one firm representative in Alliance 1 stated, "We involve several parts of the firm: those who work on the floor, business managers and the research department of the company". The relational social capital is thus adapted at the firm level, and new firm employees who represent the alliance likely experience trust and openness immediately based on the good relationship built over time by previous representatives.
In contrast with the relational dimension of social capital, which is found to develop at the individual level, cognitive social capital is found to develop at the organizational level. Consequently, when the organizations representing the research alliance share a common understanding of their goals and thereby invest sufficient resources in the collaboration, the cognitive social capital can be transferred to the alliance level that addresses what the alliance aims to develop. As stated by one of the firm 618 M. Steinmo representatives in Alliance 1: "It [the collaboration in the research alliance] is a part of our strategy". Furthermore, the individual firm representative obtains capital if he or she receives support and commitment from both the organization and the alliance about what he or she can focus on in the collaboration, as illustrated in the following quote from a firm representative: "It is a conscious process from our side that we [the firm] want to be involved in the [research alliance]". A lack of both cognitive and relational social capital might be one reason that certain firms in Alliance 2 ceased participating in the research alliance. Thus, firms could develop at least one of the social capital dimensions to further develop the next dimension and to improve the likelihood of mitigating challenges and achieving a fruitful collaboration in research alliances to create knowledge and innovations. This discussion suggests the following propositions:
Proposition 4: Firms with higher levels of initial relational social capital are more likely to develop cognitive social capital with collaborating universities over time compared with firms with lower levels of initial relational social capital.
Proposition 5: Firms with higher levels of initial cognitive social capital are more likely to develop relational social capital with collaborating universities in research alliances over time compared with firms with lower levels of initial cognitive social capital.
Proposition 6: Relational social capital is more likely to develop from an individual level to an alliance level and then to an organizational level compared with cognitive social capital, which is more likely to develop from an organizational level to an alliance level and then to an individual level.
Conclusion and Implications
This study is a novel attempt to reveal how firms and universities achieve fruitful collaboration in research alliances in which knowledge and innovations are created. It extends university-industry research by adopting a multi-level study, including individual, organizational and alliance levels, to explore how tensions are mitigated to create fruitful collaborations in research alliances in which knowledge and innovations are created (Bruneel, D'Este, and Salter 2010; Spithoven, Clarysse, and Knockaert 2011) . Through a longitudinal study of two contrasting research alliances, this paper makes three distinct contributions. First, I extend previous findings by demonstrating that the presence of cognitive and relational social capital is a crucial determinant for mitigating tensions and achieving fruitful collaborations between firms and universities in research alliances by giving firms the opportunity to innovate (Masiello, Izzo, and Canoro 2013; van Wijk, Jansen, and Lyles 2008) , all of which takes time. Cognitive social capital helps reduce tensions related to conflicting topics of interests, different time orientations and diverse working practices between firms and universities through the development of mutual understanding and shared goals between individuals. In line with the Muscio and Vallanti's (2014) finding that long-term relationships help lower collaborative barriers, this paper shows that tensions in research alliances related to uncertainty and opportunistic behavior among collaborators decrease through development of relational social capital, which facilitates trust and openness among partners.
The second key contribution of this study extends the findings of the few studies investigating the multiple levels of social capital (Hitt et al. 2007; Payne et al. 2011 ), indicating that both cognitive and relational social capital at individual, organizational and alliance levels are determinants for the achievement of valuable collaboration, particularly in Alliance 1. The firms in this well-established research alliance are able to overcome tensions with the universities because of their common understanding and good communication, which are products of their long-standing close relationships and the support that firm representatives receive from their internal organization. Thus, the firms in the wellestablished research alliance developed cognitive and relational social capital at the individual, organizational and alliance levels. They actively engage in open dialog with the collaborating universities that are characterized by high levels of trust and shared understanding. The data thus confirm that commitment, previous collaborative links, effective communication and trust are factors that influence the success of university-industry collaborations (Mora-Valentin, Montoro-Sanchez, and Guerras-Martin 2004) . This study also indicates that user-driver research alliances consisting of firms from the same industry might easier develop cognitive and relational social capital. This is because they are active in setting the premises for the collaboration, and thereby more engaged and involved in the alliances, compared to research-driven alliances where the researchers mostly set the framework for the collaboration.
The third contribution of this study concerns the interplay among the dimensions of social capital (Rass et al. 2013) . Cognitive social capital leverages relational social capital because creating personal relationships between firms and universities is easier when they agree about collaborative fundamentals. Conversely, relational social capital plays a role in the development of cognitive social capital for firms that lack a common understanding and shared goals with collaborating universities. Reaching a common understanding and establishing shared goals with collaborating universities clearly depend on the level of relational social capital.
These ideas have important implications for firms collaborating with universities in research alliances: at least one social capital dimension could be developed when entering into a collaborative alliance to realize the other dimension. Moreover, developing one of the dimensions of social capital early in the collaborative process is important in developing both social capital dimensions at the individual, organizational and alliance levels, which is found to be essential to achieve fruitful and viable collaboration in research alliances in which the partners mitigate tensions and create knowledge and innovations.
Implications
The findings of this study indicate that firms could develop cognitive and relational social capital with collaborating universities to enhance viable and fruitful collaboration in research alliances and to create knowledge and innovations; these findings have important implications for both firms and policy development. At the policy level, the most important implication for universities that seek to establish research alliances is the value of engaging firm partners early in the collaborative process by requiring firm partners' 620 M. Steinmo involvement. I therefore suggest that policies could be formulated to include a preliminary project in which firm and university partners establish the framework conditions for the collaboration to ensure common understandings and shared goals before entering into an alliance. A preliminary project may lead to the firms' greater influence on project topics in research alliances, preventing firms from leaving the alliance because of a lack of industry focus, and will likely contribute to earlier effectiveness of collaborative knowledge and innovation development. Moreover, an advice to the government could be to encourage the university partners to be proactive in contacting firm partners. Such contact might foster the personal relationships and trust necessary for long-term, effective collaboration in research alliances. Because this study highlights the importance of effectively developing collaboration between partners within research alliances, policy-makers might benefit from designing publicly supported research projects with long-term orientations and from publicly demonstrating patience in developing new technologies. Furthermore, my study implies that the government could clarify how it defines the innovations expected from public research projects and specify that the outcomes could be either incremental or radical. This clarification may reduce expectation-related tensions between collaborative partners.
Finally, this study indicates that research-driven research alliances need longer time for the development of social capital dimensions compared to user-driven research alliances and the government might therefore show more patience related to innovation outcomes in such research alliances.
At the firm level, this study implies that firms will likely benefit from universityindustry collaboration if they understand how to manage their social relationships with collaborating universities. These findings suggest that firms could benefit from university-industry collaboration by developing personal relationships with and a common understanding of universities by actively engaging in research alliances from the start. Although active engagement is a costly strategy, firms will likely receive greater benefits from investing resources over time in line with their interests. Firms might also be aware of the importance of creating social capital at an individual, organizational and alliance level. In that sense, collaborating employees could be motivated to create and transfer social capital to the organization. Conversely, the firm could develop social capital to internally integrate support mechanisms related to internal university-industry collaboration. Finally, participants might be aware of the value of creating strong social capital at the alliance level by developing common goals, commitment and cohesion within the collaboration, as social capital is found to be crucial to achieve a fruitful university-industry collaboration.
Limitations and Further Research
This study has some limitations that provide opportunities for further research. First, the social capital concept is adopted in this study to explore collaborative processes in university-industry research alliances. I acknowledge that other concepts address social capital, such as the proximity concept (e.g. Boschma 2005 ), which might be useful for future research regarding the underlying dynamics of university-industry collaboration. Additionally, this study recognizes the value of social capital at individual, organizational Collaboration for Innovationand alliance levels, and highlights some possible consequences of the development of social capital at different levels of analysis. To enrich this field of research, future studies might explore the existence and the development of multi-level nature of social capital, ensuring that the data represent several informants at the individual, organizational and collaborative levels of university-industry research alliances. Moreover, this study is limited to include the most engaged and involved firms in two selected research alliances. Future studies might select firms of different levels of engagement and involvement to compare its influence on the development of social capital.
Although these findings on research alliances might be transferable to other research alliances, one cannot argue that they are universally valid. Future research might test my findings using larger samples to explore whether the findings are transferrable to other research alliances. The research alliances considered in this study primarily collaborate on environmental research projects. Future research could therefore include research alliances that collaborate on other issues to explore if and how the context affects the collaborative process. Moreover, future research is needed to study collaborative processes in research alliances in similar stages of development over time. A final limitation of this paper relates to the focus on the social capital developed between firms and universities. Future studies might explore the social capital formed among firm groups and university groups within research alliances and its influence on the collaboration.
